Introduction

36
Insights into hydrothermal processes can be gained by documenting, for example, the 37 mineral phases gained and lost during the operation of such processes, and by quantifying 38 the mass changes in major elements. Alteration can be estimated from mineralogical and 39 chemical data using numerous methods that each has its specific advantages and 40 disadvantages. Selecting the most pertinent method in a given context is not always 41 straightforward, as will be demonstrated in this contribution using the example of the 42 Beattie Syenite. 
92
The syenite consists of a main intrusion, which is 3.7 km long and 4 to 70 m thick 2007; Mueller et al. 1996) . Gold mineralisation was emplaced before the area was 
98
Gold was mined from the intrusion (25% of the ore) and nearby rocks (75%) from the 
119
The main alteration types related to the Beattie gold deposit and observed in the intrusive (Table 1) . These 128 chemical analyses were obtained from samples collected during surface mapping, 129 exploration, and exploitation, and mostly document the porphyritic Beattie syenite unit.
130
The scarcity and variable quality of Zr, Cr, Y, Th, and Nb analyses (Table 1) prevents the 131 modelling of precursor compositions with Trépanier's method (Trépanier et al. 2016 ).
132
For the requirements of this study, a precursor was selected that corresponds to the (Table 2 ). In the following sections, various methods will be used to quantify alteration 135 using these chemical data. where:
153  X n = mass change of chemical element "n" 
158
Potential immobile elements are Al 2 O 3 and TiO 2 , as well as several trace elements (Cr,
159
Nb, Th, Y, and Zr). However, trace elements analyses are only available for a limited 160 number of samples (Table 1 ) and will not be used to perform mass-balance calculations.
162
The Beattie Syenite is a felsic intrusion with a homogeneous petrology (Bourdeau 2013) 163 that might have been chemically homogeneous prior to alteration (i.e. single precursor).
164
In a single precursor system, a linear alteration trend should be observed on an Al 2 O 3 and
165
TiO 2 binary diagram (Fig. 3) , which should pass through the precursor and the origin of (Fig. 3) .
168
Note that the groups identified in Fig. 3 has not been altered (Rowins et al. 1991 (Rowins et al. , 1993 will not be calculated on these samples.
185
The samples representing the available precursor (from Bigot & Jébrak 2015) are all 186 assigned to Group I (Fig. 3-b) . Mass-change calculations are performed on these rocks 187 only and using Al 2 O 3 as the conserved element (Fig. 4, 5 According to the normative calculation, the proportions of the most abundant phases, and 223 especially those of the alkali feldspars, are highly variable amongst samples ( Fig. 6-a) . and that carbonatisation is generally intense (ALT_SER_CARBS, ALT_CARBS) ( Table   232 4, Fig. 6-b) .
234
The 
239
Note that this carbonatisation reaction should be tested by dedicated petrological studies. Alkali metasomatism is estimated using the normative proportions of albite and K-253 feldspars; i.e. indices ALT_ALB and ALT_KFS (Table 4) Quantifying alteration can also be achieved using Pearce Element Ratio (PER) diagrams The PER diagrams designed for feldspars are here used to investigate Na and K
266
compositional variations and to quantify alteration-related deviations from the 267 orthoclase/albite ratio of the precursor.
269
The PER diagram method requires the identification of a conserved element that is 270 immobile in the hydrothermal fluid and incompatible in the fractionating minerals.
Immobile elements available for the bulk of samples are Al and Ti, with Al being a major 272 constituent of feldspar. The conserved element considered here is Ti.
274
On the PER diagrams for feldspar ( Fig 
298
The K/Na (molar) ratios of altered samples are compared to that of the precursor 4). The PER_K index ranges between 100 (maximal K-gain) and -100 (maximal K-loss 301 or Na-gain) and if the result is < -100, then a value of -100 is assigned to the index.
302 303 In this section, the spatial distribution and relation with gold grades of alteration types are and is most intense in the central part and western extremity of the intrusion (Fig. 9-b ).
319
Silicification is documented by the ALT_QTZ index and SiO 2 mass changes and both 320 methods produce consistent results ( Fig. 8-b) . Silicification is mostly observed in the 321 western extremity of the intrusion (Fig. 9-c) . A spatial correlation was noted between
322
CaO and Na 2 O mass changes, which have been summed and displayed in map view ( Fig.   323 9-d). Leaching of these elements is most intense in the eastern and western extremities of 324 the intrusion (Fig. 9-d ).
326
Alteration intensity has then been correlated to mineralisation using the Au analyses that 327 are available for 151 samples ( and Ca-Na-leaching are the most intense (Fig. 9 ). In the eastern part of the intrusion Beattie Syenite (Fig. 9-b) . 
353
The PER_K index can vary between -100 and 100. Values > 50 for this index, which 354 correlate with K 2 O mass changes > 2% (Fig. 8-a) , could be considered as intermediate to
355
intense K-feldspar alteration (Table 6 ). As such, 56 samples (out of 141) display intense 93.99, respectively (Fig. 6-b) . As this index can vary between 0 and 100, carbonatisation is interpreted to be generally intense ( of about 10-20 wt% may correspond to relatively intense silicification (Table 6 ).
377
Silicification is thus interpreted to be generally intermediate to intense.
379
The other alteration types documented include CaO losses, which correlate with Na-380 leaching. It has been proposed that K 2 O mass changes > 2% correspond to significant K-381 gains: by analogy, Na 2 O + CaO mass changes < -2% are interpreted as intense Ca-Na-382 leaching (Table 6) . (Table   388   6 ). Using such thresholds, it is concluded that chloritisation is negligible.
390
Using the threshold values proposed here and summarised in Table 6 , the main alteration 391 types are displayed in map view (Fig. 10) . The area located at the western extremity of 392 the intrusion and immediately south of the orebody exploited by the Beattie mine is 393 characterised by intense carbonatisation, K-feldspar alteration, silicification, and Na-Ca-394 leaching (Fig. 10) . A similar assemblage of alteration types is observed in the area of the
395
Central Duparquet mine, where silicification, carbonatisation, and K-feldspar alteration 396 are less intense than in the Beattie mine area (Fig. 10) . The significant assemblage of 397 alteration types associated with the Beattie gold deposit is thus the following: 398 carbonatisation, K-feldspar alteration, silicification, and Na-Ca-leaching.
400
Alteration mechanisms
402
The most characteristic and widespread alteration types associated with orogenic gold 403 deposits are carbonatisation and alkali metasomatism, which usually form sericite and, compositions (see Trépanier et al. 2016 ). This method is particularly adapted to multi-479 precursor magmatic systems for which precursors cannot be easily sampled.
481
Conclusions
483
The Beattie gold mineralisation is hosted by a Neoarchean alkaline intrusion of the samples (see Fig. 3-b) . (Fig. 3-b) , are also identified (d). *Above or below the threshold value, the intensity of alteration is interpreted to be significant. 
